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Co~rRsI0% BY sf ~ increase in corrosion -until 3o ft/sec,

4 3boiye Which cbrrosion ippars indepem-
Conoioin of StainlessSteels 'by_ D Scua'-- _- nt of -ielocity.

Ai atten t-was rode- at Brvokhaven to define 'Cf~iP iosaaue at 4 singler4 the corrosion chua: f stainless steels bstudy- velocity but at successive positionsirig t, anroio ad interactia Oif 'pre cobalz, downrstrean (with resultant increasinig
l, rom, nickel, aibd chrotiun -in- sodium.1I) A cbintinu- sauain oC ithe s-odiuA lath eorr6sion

ou string -of olished -sp~cinns arranged in xpa products) were -rciia to dee-zeasiQ by'56'
Sed jzr ixjps 6E~ fou in --the o-.der iised "a exposed 'to 75 pericent..

laJib 1000 houirs to 1200 to 1400 'P sodium In the-hot
Sleg, of a TyDC 316 estainless steel therutal-cohve c- (3) (haning soditni mass fhose in therae

tiffso 'co wt0.fla-r s' uz ai*6cined t e 6. 5 to -1.-0 -gpn ai -the zan5e sodiiurve~
____ n ion ope a o -trc .1fts sadim'e aeocty) 22,9, 'lociy (about ft/sec, -h-Reynbld-s_4orJ700 Fi. givil:ng, measulrd 6-yien livel n h rnmer less than 10,000) i~ioduced, less

Soditab'f 4, 10, or IN p=, respectively. The thaih lj 'percint increase in corrosion
f'lowingzobservatiorls resulted: - rate.

(1) All spedimns- uer.' etched by girn- (4)_'Significant reductions isa chromit:2, nick-
-boundary attaci except 'foi -th ahroiuz el, -and manganese Were- observed on sur'-
specriens expiisedi toh11-p-oxygenl faces~ of corrosion samoles-. The rela-

sod=;m Tes 01oweC.a sr tive axount of loss for each wasdi nI'fac#6M .dn on~j exposure conditions. in sep~a-
-rate-exverinents that differ -ed in sodr-

Z- Y.. (2 icesp ens lost weig-h; (up to 2 jun 2'elc~ 'id, - thcribfore, in total-
j mg/ca2), while iron and cobalt speci- corosion, the pattern of i6vement of
j C..) mens gained, weight fup' to 0.8-xg/ca2. chromitm -and nickel was different but,LU Orol'iU" s-pecimens showed little or no -za~ganiie i ckel move-

LL. (3) All four elemienpis migrated. As -the higher 'Sodium 'velocities.
-~ ' Oiypen, ontont of the 's&Iiumi was in-

C creaisd from ' to 110 ppz,, deposition (5) An excpelinent compaving-corrosion of
f ipn increased' sharl, dpsiopure iron sufcsto c rro iii of

_____ irp steel, durfacestinn
__f_ nickel;did~no't change,. depo sition 3ye 16 stainles stee ufcsi

of chromium increased slightly, and loop ho~t leg. showeJ that allay composi-
only traces of cobalt deposition were tiO~i played a- sigrific'ant role in thie
foini'd -corrosion process. The iron'surfaces

'aiiied weight 'and approce a' opoi
In -order to explore the limits of perform- -tion-meir that of th'e stainles steel

-cc at poteftial hot-spt cnditons in&.- iquid-sufc.
metal-coole'd, fastbre~der _rqactor(4FBR)', Geneial
Electricextnded its previous 1200 F maimuz- '(6) Turbulenice and artivity of alloy con-

topeatr Io.2 orso stituents in sodium solution played thetempratre oop studies doninar(:t roCoircrdosidooinon
specimens of Types 304 and' 316 stainless Ette'el were Aniceseo oiu eo ition S
exposed-for-periods up to 3000 1lu, tY' u c0n ton incrft/seco resltd in' 85loc in-lr
tainini Tiss'than 10 ppm oxygen and floiwing at up to1,tscrsl-di,5percentin
to '30 ft/sec with a cold-leg temperature of 800 F. crease in rate of deposition of corro-
The iesearchers summirized their'finidings as follows. sion products.

(1) Corrosion rates at- sodium velocities (7) Various carbides 123C6, M7CS) and NaCrO2- s hnabout 15 ft/sec ,Are approxi- have been identified in ~the deposits-iats tha r from the cold leg.-
-naelylinary dependent on velocity,

- Increasing sodium velocity above 15 ft/
sec jproduces. a progressively smaller-

This -document is subject~to special, export~ conirols and each' tranzittal to foreign goverrments or foreign nationals nay be made only
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(8) Nzcleation o pirticulates in the sod- tively insensitive to -the magnitude of the cyclic
ium sru exai on coolfing ;kd subsequet heat -lux-., Hveever, an increase in frequency re-

- deposition on cold-leg _surfaces is be- uced the life 6f both annealed and cold-worked-
lieved to be a =ore likely process than Type 304 s:ainless steel and had the opposite effecz
difftision of eleetal specics to sur- on cold-worked Type 316 stainleSs steel.

S faces f5ollowed by nucleation.
1be analysis indicates that reoeated theal-

(9) Contrary to equilibrium considerations, stress relaxation, as a result of teat-flux cycling,
carbon transport-was observed f high produces in increment of plastic strain for each

to lower tengerature regions. A correla- cycle, superippsed on conventional biaxial creep
tioni was found in iwo separate test runs due to pressure. Though this study is inadequate
between Movement of carbon and chromium.; to establish design criteria for cyclic action, it
Carbon loss'as high as 79 percent was does point to danger in designingfiel sheaths on the
measured for Type 316 stainless steel basis of stedy-state behavior. The numerous reactor -

at 130C F. transients that. will .be experienced during service
couldbe sufficient to produce end-of-life ductility

(10) iicrostructural changes were observed in limits of irra,'ated- cladding.
all alloys-and appeare to be dependent
on c'rrosion rate and alloy cdmpsition. Mine Safety _=edacted an extended study on
Three general changes were seen: (a) fer- the effects of sodium arG helim on design poperties.
Tic surface phase, (b),a zone adjacent of Types 304 and 31k stainless steel to see whether
to the surfaci and depleted in carbon, the ASTi allowable-code values for stainless steels
ana (c) localized and enhanced elemental in air could'be extended to cover the-design of an
leaching at grain boundaries. L.FBR system. Test conditiois inclifded stress-free

exposures to high-oxygen sodium, Jigh-cirbon sodium,
(11) Carbon movement had a profound effect on clean sodium, gid helium at 1200 and 1400 F; tensile

vicrostructural changes, by reducing 'the tests .in air at 1200 and 1400 r; and-creep-rupture
normal carbide precipitation and enhanc- tests at 1200 F in flowing (20 ft/sec) clean sodium
ing formation of intermetallic phases. for times up to 4000 hours. The sumry report con-
Continued developmenL of these changes cluded that, on the basis oft-he tensile data and
implies major effects on long-term creep extrapolated creep daza, ,Type 304 stainless steel
and rupture properties. code values- couid be applied to an LMFBR design with

allowances being made-for the anticipated losses in
Loop experiments were conducted at Atomics ductilityo (5) For Type 316 stainless steel, however,

International in which high-purity 1200 F sodium was some reduction in code values w6uld be -warrantpd,
saturated with corrosion products at the inlet to the with attention still given to the ductility losses
Type 336 stainless steel test section, while 'the test- noted.
section surface was subjected to a constant heat flux
of about 106 Btu/(ft2) (hr) by internal heating to The investigators reccmended that, for both

produce a 55 F temperature rise along its j.5-inch steels, long-term (greater than 10,000-hour) creep.
length. (3) The objective was to note the effects of data be obtained to determine the true longer term
velocity (10 and 23 ft/sec) and temperature on corro- creep behavior instead of relying on extrapolation of
sion without introducing extraneous system-dependent 4000-hour data. The Type 316 stainless steel appeared
effects. From the observed velocity effedts, the stronger than the Type 304 in most cases during short-
Lcrrosion rate was concluded to be controlled by time te.ting. Howeyer, when the data %ere extrapola-
liquid diffusion, ted, the strength differences were less apparent, In

fact, in some cases, the Type 304 alloy appeared
With the difference between the concentration stronger. Of course, the fact that the results are

of dissolved metal in sodium next to the surface aqd based on single heats of material and long extrapola-
of the dissolved metal in the bulk of the liquid as tions suggests that they should not be considered
the driving force for metal dissolution, expressions final.
were derived for the maximum corrosion rates at vari-
ous locations along the rest section and then com-
pared with the measured rates. Reasonable agreement The following observations were made on the
wa! obtained when the lowest published solubility basis of measurements of the room-temperature and
data of iron in sodium was used, indicating that the 1200 F mechanical properties of a single heat of Type
theory may be useful for predicting the maximum corro- 316 stainless steel during Pxposure to air, helium,
sion rate of cladding under reactor operating condi- and low-oxygen sodium: (6)

tions.
Environment

Effects of Sodium on Mechanical Properties Test Air Helium Sodium
on Ceponent Materials. Cyclic Fewest cycles Most cycles Intermediate

Loop tests were conducted at Atomics Inter- strain to failure to failure
national to evaluate the effects of steady and cycli.
heat fluxes [0.8 and 1.0 x 106 Btu/(ft2)(hr)] on Stress No significant difference in rupture
creep behavior of Types 304 and 316 stainless steel rupture strength; ductility perhaps better in
tubes immersed in high-purity 1200 F sodium flowing sodium

at 20 ft/sec. (4) Mass transfer was observed under
steady internal heating for up to 600 hours, but there Creep Lowest rate Highest rate Intermediate
was no difference in creep behavior from that of tubes
stress-rupture tested in static sodium. Cyclic heat- Tensile Small differences (less than 6 percent)
ing reduced the rupture life by a factor of 2 and strength
produced large changes in microstructure, strain pro-
file, and strain at failure. These effects were rela-



When the quantitative data from these tests Ta;le I shows the results for each case.
were compared with ASM-Aeta.s Handbook data from The initial design stress for ar, expected lifetime
several heats of Type 316 -siinless steel tested in of 100,000 hours depends on the case, and ranges
air, the variations in properties rwing to environ- from 69 to 78 percent of the code-allowable stress.
mental differences were noted to be -ubstantially Note that the thin wall in Case I leads to end-of-
less than the variations owing tc differences from life strains and strain rates that would probably
heat to heat of the steel. This is apparent from exceed the capabilities of the alloy. Case II
the following tabulation: leads to end-of-life strain rates that are highe.'

than the code-aillowable value of 0.01%/10DO hours.
14SAR AS, Data The .use of total accumulated strain as the control-

ling criterion (Case 11), while requiring the
Heats of Type 316 1 13 greatest wall thickness, appears to Ie the most
Stainless Steel practical thoice.

Exposure Environ- Corrosion of Vanadium Alloys
ments Air, fie, Na Air by Sodium

Temperature 1200 F 1200 F As part of an Oak Ridge program to study
interstitial mass transport between stainless steel

Ultimate Tensile and vanadium, 40-mil sheet vanadium tensile speci-
Strength Range, 48-51 42-64 mens are being exposed for 500 hours to 700 and
ksi 800 C (1290 and 1470 FJ .ow-oxygdn sodium in stain-

less steel containers. T'o grades of vanadium,
0.2% Offset Yield commercial and high purity, were tested. The high-ii Strength Range, 26-27 12-39 purity material increased in oxygen, carbon, and
ksi nitrogen, whereas the commercial material gained

only carbon and nitrogen. The transport of carbon
Elongation Range, 44-48 23-63 and nitrogen from Type 304L stainless steel to the
percent vanadium was substantially greater at 800 C than

at 700 C. Interstitial trnsport from titanium-
- stabilized Type 321 stainless steel was negligible

2 A study of the application of Section VIII at 700 C compared with that from Type 304L stain-
of the ASME Boiler and Pressure Vessel Code to the less steel. Room-temperature tensile ductilities
determination of allowable design stresses for low- of both grades of vanadium v.e, reduced by the
alloy steels in bimetallic sodium systems was con- sodium exposures in Type 304L stainless steel con-
ducted atGeneral Electric.(7) The decarburiza- tainers. In contrast, testing in Type 321 stain-
tion that occurs during operation of such systems, less steel produced no measurable change in either
coupled with the corrosion and creep, leads to strength or ductility compared with the properties
progressively lower material strength and higher of the control specimens after exposure to 700 C
stresses. The initial-design features of a model argon for 500 hours.
system were determined for three different cases
under conditions at which the strain rate was the In similar studies at Westinghouse with
controlling parameter. The rate of decarburiza- vanadium-alloy inserts in pumped low-oxygen sodium
tion to the equilibrium level influences the re- loops made of Type 316 stainless steel tubing and
sults. Since this is controlled by geometry and operating between 1250 and 1470 F, the inserts
fluid dynamics, presence of other alloys, tempera- gained weight as a result of major increases in
ture profile, sodium chemistry, and other factors, nitrogen, carbon, and oxygen, particularly near the
calculatiois were made for both rapid and slow exposed surfaces.(9) For example, after SOO hours
decarburization. in 1450 F sodium containing less than 10 ppm oxygen

TABLE I. SULAVRY OF DESIGN FEATURES AND OPERATING BEHAVIOR OF LOW-ALLOY STEEL FOR DIFFERENT INTERPRETATIONS
OF ASME CODE(9

)
Model System

Temperature - 900 F Initial OD of Tubing - 1.S0 in.
Pressure * 1800 psi Expected Lifetime - 100,000 hours
Corrosion rate of steel in sodium • 0.003 in./100,000 hours. -

End of Life __ -
ASME Code Initial wail initial Design Estimated Operat- Total strain, stran Ra,

Interpretation Thickness, in. Stress, psi ing Stress, psi percent %/b00 houqc

Slower Rate of Decarburizatxon

Case '(a) 0.106 13,100 15,990 10.3 0.32 -4
Case I(b) 0.133 10,1S0 10,650 1.0 0.032
Case 111(c) 0.149 9,060 9,300 0.3 0.01

More Rapid Rate of Decarburization

Case l(a) 0.106 13,100 19,080 20.3 0.33
Case 11(b) 0.142 9,510 9,910 1.0 0.0175 "- " '
Case 11I ( c )  

0.149 9,060 9,370 0.65 C.01

(a) Initial strain rate at startup - 0.01%/1000 hours.
(b) Total creep strain after 100,000 hours 1 percent.
(c) Strain rate at end of life - 0.01I/1000 hours.

r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ " L______________ _________



and flowing st 5 ft/sec, the Q 5surface layer a 5ubscr=F-ce band 10 to 1.00 pi thick, The vanadium-
of a Yanstar-9 sample (Y-6.4Fe-5S.Z-,3r-0,06C) chiromium binary alloy wfas the -most crosion xesis-
showed the followinig increases in interstitial con- tant anid appears -to offer promise a5 a -fuel cladding.j tent; nitrogen went from 89 to 21,9000j'm carbon
went from 600 to 5500 ppm; and oxygen went from 5,50 Conparison of static And dynamic (20 ft/sec
to over 6000 ppm. Ilie lype 316 -stai nloss steel con- velocity) coirosion rates for oxfgen levels of 15 to
tainmezit tubing, op th~e other hiand, showed severe 20 ppm in the -sodium at 1200 F sho6wed -that an In-
depletion of both iiitrogen and carbon at the sodium- crease -in -velocity -esulted in an acceleration of
exposed surface and nitrogen enrichment at the air- the corroslnn process for the Y-2017i Alloy, However,
exposed surface, Using available interstitial dif- -the corrosion xate wias much more seinsitlve to cold-
fusion data, the researchers calculated the theo- - trap -temperature than to sodium velocity. 1hus,

then vanadium -s alloy s ere a-etod -of sod- aty 1 A~ 4eedny suggesti ws tha t ae -at dirsiii
350ctngorresponding tf about 6 andf 5ufceac ppm oxyen -pes- 0 ,o

respectively).~~~r (30) Bot 1tti Foye)rfrse snrno fsoydnmt di m c ang

hge oryge leehie behho ofvndalor w i nd od iu pm 0otiigls hn1 p oxygen foradi 1000iispi-heds
iumenioa chneseeosreda h o x- howrs ina at yi -rotaio f1ft sec edct, te dera-

gen lvel.lpial cuves re sown i Figreof wntegth loble matur of t iolybesnm undr Ft F
Anieth Akrge vandiu a~tngd-seet s pick-r condiTtio efoe- inpie exermeswee abnder-p, hi

uptofent rttas h vanadium-as allo ys waeep osod taken (12 Fope owencysgge the t xosre -visual o ispar

wasco th aoiprtytto tansferatre -tot spcmes eih0cek and ;adddfu innsonldcekal ndcae
3itiu acorspandaloing eleabet 6aud inrese that thopeienhd-----ennhn
nuty picku and oncentraed thp)exipourtes inr

maeattno ea sfoL80t 129 F. Liea Lihi moassium-ca y tems aum coo- rdt

hiher oye vel,hi l Auc poe eitad sdu oplari coetha 1or nuclxear spceraft0
dimenhr rousionachneweeosreattelwroy ms in volvesnani lo elecftric ye enerato den-

up~~~~~~~~ ~ ~ ~ ~ poitrtt sb hevndu loswstassium-vapFollwn turie. epos si luml i var-

Tianu as 5~O-. ize inoyn elmn asdicesdt a bo;peie bat ro recoohae lihanm.

~inr 60 ku an cocetree Jet Propulsion Laoaoycosrcenadtse

0 a two-lop lithium- potassiumfcitsmuat

* the* majrpuso enlves of cti ne ao All e baeray

'40-.- o- that came in contact with fluids above- 1500 F was
0 Cb-lZr, with the exception of tungsten valve facings,

20- Codtrptenetr hot-trap getters, and the TZM (Mo-O.M~-0.M8r-0.02C)
Coldtra temeraureturbine wheel.

a =-J75C
I0 20 30 I0 I0 0 Initial operation of the system for about

TIME. doys 1000 hours at lithium temperatures up to 2100 F with
a 10 percent bypass ytttrium hot trap in the lithium

I loop and 2200 ppm nitrogen and 700 ppm oxygen in the
5-aVCold trap lithium produced only minor grain-boundary notching

0 V-20'!"oli temaperature of the Cb-lZr tubing. No evidence of mass transfer
a V-15 W/o -7 1 f-1 of the yttrium was encountered, despite thinning of

-a V-l6'!/o V -5.G 0
/TI the yttrium plates in the hot trap and analyses indi-

cating 5 weight percent yttrium in the lithium. Sub-
0 Sequent operation of the system at similar tempera-

a-- 0__ _0- ; tures and times without hot trapping resulted in
extensive mass transfer of columbium throughout the

X0 ___/ system and extensive contamination and corro:;ion of
~ the Cb-lZr tubing.

1 Operation of the potassium loop both with
0 10 o 0 40 ;0 go to go and later without a full-flow zirconium hot trap pro-

TIME~doys duced little change in the interstitial content of
the system tubing. Corrosion after both modes of

FIGURE 1. CORROSION OF VANADIUM ALLOYS BY COLD- operation was minimal. Vapor quality had a marked
TRAPPED SODIUM IN STATIC OXYGEN- effect of erosion of the tubing. Low-oiuality vapor
REFRESHED AUTOCLAVESC 1O) (SO to 80 percent) eroded the outside radii of the

tubing and the throat of the turbine nozzle. Higher
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quality vapor bad no observable erosiye 4fect, 8 Rankine--ycle power-=onversion V-ystem revealed
even wher run longer and at higher temperatures. that this material -was not sufficiently resistant to

ercury corrosion at 1100 ,. In -view of the very
A comnrehensive review of the compatibility low solubility of tantalum in mercury, the feasibil-

of structural matexials with molten lithium is in- ity of substituting tantalum for the 9Xr-lMo steel
cluded in a Lawrence Radiation Laboratory treatise was studied at Aerojet-General. (17) The results oPf
on lithium as a nuclear reactor coolant, j14) It a fabrication and corrosion-test program -indicated
_overs virtually all recorded lithium corrosion re- considerable promise fox bimetallic tubes consist-
search using static and dy.namic systems, with base ing of tantalum liner bonded by hot coextrusion to
metals, refractory metals, ceramics, and .cermets, the !D surface of .a Type 316 stainless steel tub.,
There are special sections on the ffects of lithium An alternative tube configuration, wbich also ap-
on methanical properties of refrzactory.alloys, the pears acceptable for a 40,O00- our operating life,
resistance of materials to erosion and Year in Jith- consists of a circular tantalum tube inside an oyal-
ium,..and the solubility of .co.tainment-metals in section tantalum tube with stagnant NaK between
lithium, them .and a circular Type .321 stainless steel tube

aroun-i the -outer one, Mercury flows in the inner
,Advanced tantalum alloys for Rankine-cycle Tube .and NaK flows in the .outer annulus.

spaceypower systems are being tested'by General -
Electric for resistance to attack by 1885 to 2400 F In .another part of thp same program, it was
lithium in thermal-convection -capsulesIS) Speci- noted that mercury-loop contamination by air or Mix
mqns of 7-111 (Ta-.8W-2Hf), ASTAR 811C ,(Ta-811-IRe- 4PE,= . organic fluid .used for lubrication and
O.7if-003C), and ASTAR 81iCN (Ta-.8W-Re-ljfO,.0,OSC- cooling in SNAP-.8, resulted in the formation of re-
0.013) were exposed for 5000 hours and then bend action products on the tantalum tube surface that
tested and analyzed chemically and metallographical- interfered with ht<At transfer, A six-step chemical
ly. Included were some specimens that had been pur- cleaning procedure, with distilled-water flushing
posely contaminated with oxygen in both the melded after each step, effectively removed the surface
and unwelded ,conditions, film.

In almost every case, The posttest oxygen SOLUBILITY OF MATERIALS IN LIQUID METALS
content .dropped to below 10 ppm (from -as inuch as

387 ppm in oxygen-contaminated T-111, 248 pm in -ecause solubility is a basic parameter
oxygen-contaminated .811C, and 59 ppm in noncontami- which may be important in understanding the mecha-
nated 811C). The greatest .corrosive attack was ob- nism of corrosion of materials by liquid metals,
served in melded, oxygen-contaminated 811C specimens., numerous solubility studieb are continually being
Apparently, excess oxygen was free to combine with undertaken. Some results which have become avail-
the lithium to produce platelet-type (intragranular) able since mid-1969 ,are presented in Table 2, (18-21)
attack up to 15 mils deep, as well as intergranular
attack throughout. -Similhr specimens given a 2400 F SOVIET TRAINSLATIONS
heat treatment for 1 hour to combine all of the oxy-
gen with hafnium prior to lithium exposure were not A 1968 Soviet treatise on corrosion by li-
attacked, On the basis of Cb-lZr technology, if quid metals is now available in English transla-
there Is more oxygen in the alloy than the amount tion. (22) It begins with a review of the theories _-.
needed to oxidize all of the getter present (hafnium, of the various kinds of corrmsion by sodium (de-
in the case of these tantalum alloys), these alloys struction of surface films, dissolution, intergr=n"-
would be attacked by lithium regardless of heat lar penetration and mass transfer). A chapter--
treatment, devoted to corrosion of steels and nickel --

loys in static isothermal systems. iS:a-d -
Mass transfer of interstitials (carbon, ni- by a chapter on corrosion un 4-nwic_-Y~rmr-t _

trogen, and oxygen) from the hottest portion of the c i
capsule walls to the cooler end was observed. A on steels, nickel-base al 'oys, and itafe -tofyloss in stress-rupture life of the exposed 81ICN A rather extensiye discus, Lon af caXboyav s iD~fcJx I,sodium systems nsues) ii Npy5 Avto';v : eonc-1u n

specimens tested at 20 ksi and 2400 F was attribu- that carboji t5.te a £ 3, whY ms ; 3' -i -
ted to heat-treatment effects rather than corrosive of interctin lil.
attack Dy the lithium. iu with o ,d ox y i e - ,e -

The observed drastic increase in the appar- ter rxviejs vzriout phyii-o--hetral mechanisms of

ent solubility of columbium in 1110 F potassium as cor -si afrd-bn trnsfer in sodium and other

a result of increasing the oxygen content of the liquii metalsqth emphasis on the importance of
potassium is commonly attributed to the formation the ionic nature of nonmetallic impurities in the
opotassium cmelts. This book represents a good summary of Sov-

V ~of potassium columbates, As an alternative explana- itcroinrsac vrteps eae n h
tion, Klueh analyzed the case where no ternary ox-
ides exist at equilibrium and the higher solubility author's approach to the general theory of corrosion
stems from a reduction in the activity of the colum- by liquid metals is noteworthy.
bium by virtue of interactions between the two sol-
utes (oxygen and columbium) in the melt. (16) By ap- A 437-page translation of a Soviet monograph
plying Wagnerian interaction parameters, he was able on thermal properties of metals contains brief chap-
to obtain order-of-magnitude agreement with measured ters on heat capacity and thermal conductivity of

oxygen distribution coefficients. Also, by use of the liquid metals. (23) The author, Filippov, reviews
phase rule at equilibrium at 1110 F, he showed that the literature covering both theoretical and experi-

be no partitioning of added oxygen, if mental studies of these properties, makes some guard-
a thir wod phase (ternary oxide) were present. ed observations, and concludes that further experi-

a thrd ondesedphas (trnay oxde)werepreent mental studies are needed before positive correla-
Since partitioning definitely occurs, then the pres- tin an be ae He o e tha t e chan ei atence of the ternary oxide is ruled out. tions can be made He notes that the change in heat

capacity on melting is generally small (3 percent for

Mercury Systems tin, 3.5 percent for lithium, 1.S percent for sod-
Extensive testing of 9Cr-IMo steel for the ium, 6 percent for lead, and negligiblo for mercury).

tubes of a NaK-heated mercury boiler for the SNAP- Further, he observes that curves of heat capacity of



'11 1 the abovc li,4,ud ax~tali, against the ratio oi
;i!,soluto temperature (T) to al olute melting poirt

(~-Jfaill w'thin a narrow band. For example, for
~od iunt, potassium, and lithium (Figure 2), the maxi-
r,!u~ deviation from the average (dotted) curve is 37

per:'L.. This suggests that It may be possible to,

.jiaf'r lhvat capacities from T/Tmp for a large number]
of 2s.u i metals.K

Literature Values for thermal conductivity 72
(k ,fM:lten tin. lead, cadmium, bismuth, lithium ,

sod.um, and potassium generally show wide scatter
and are not amenable to treatment as a genieralized
function of temperature. Thie ratio ksolidlkliquid 1.0 #A 1* * . 50 3A
at the melting point of many metals is very close to f *
the ratio of electrical conductivities, the latter
ratio usually being slightly greater. The electron-
ic component of heat conduction follows the Widemann- FI GM-, 2. SIMILARITY Of DIEPENIPENCE OF HEAT CAPACITY
Franz law near the melting point, but deviates in- ON TIT upFOR TWREE ALKALI I4ETALS( 2 3)
creasingly with rising temperature.

TAW,1 2. W1,1117 OF VARtiOU 'VAT1ALS N 14LIQUID WTAS;

trioqetursy feat of Solortion.
1 olwcnt Solute solubility uqunt ion RagL &cA1/uOlil aert

: 14o Iog(wpps M~o) - 2.21 0.1 (1472 .50j/1'9) 1040-1316 6.7 ? (1.8 i
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